Background
Many studies have established the association between sleep quality and arterial blood pressure. Subjects with chronic insomnia have a higher risk for hypertension [1] [2] [3] and U-shaped associations have also been demonstrated between sleep duration and hypertension [4] . Studies have reported that insomnia is associated with an overall hypersecretion of ACTH and cortisol, suggesting an activation of the hypothalamic-pituitary-adrenal (HPA) axis in these patients [5] [6] [7] [8] . Given the well-established association of hypercortisolemia with significant medical morbidity (eg, hypertension, metabolic syndrome, osteoporosis), insomnia can induce hypertension through an activation of the hypothalamic-pituitary-adrenal (HPA) axis [9] . On the other hand, it has also be confirmed that subjects with hypertension are more likely to report emotional disorders such as anxiety, depression, and sleep disorders, which are usually viewed as one of their clinical features, indicating that hypertension is a risk factor for sleep disorders [10, 11] .
It is well known that both sleep quality and hypertension are strongly influenced by lifestyle [12] . Smoking and lack of exercise are linked with risk for hypertension or chronic insomnia [13, 14] . It has been confirmed that there is a U-shaped association between alcohol consumption and hypertension or chronic insomnia [13, 15] . Both sleep disorders and hypertension are associated with high mortality risk [4, 16, 19] .
Insomnia is a risk factor for hypertension [1] [2] [3] , and individuals with hypertension are more likely to have sleep disorders [10, 11] . Some behaviors (eg, exercise, smoking, alcohol consumption) are risk factors for both sleep disorders and hypertension [13] [14] [15] , sleep disorders and hypertension are both risk factors for mortality in the elderly [4, [16] [17] [18] [19] , and hypertension and sleep disorders are both related to age [20, 21] . From all of these, we can conclude that in very elderly subjects (aged 90 years or more), there is a close association between sleep quality and arterial blood pressure, which may be different from that in he general population of older adults (aged 60 years or more). However, to our knowledge, no population-based study has evaluated the association between sleep quality and arterial blood pressure in the very elderly. In this study we examined the association between sleep quality and arterial blood pressure in the very elderly subjects using data from a sample of Chinese nonagenarians and centenarians,
Material and Methods

Materials
The methods were reported previously [21] . In brief, on the basis of the Dujiangyan (located in Sichuan province, southwest China) 2005 census, a cross-sectional study for age-related diseases was conducted in 870 very elderly subjects (>90 years), which was a part of the Project of Longevity and Aging in Dujiangyan (PLAD). The PLAD aimed to investigate the relationship between environments, lifestyle, genetics, longevity and age-related diseases. Volunteers were examined by trained professional physicians according to basic health criteria and the results were entered into standard forms, especially the questionnaire on lifestyles (including The Pittsburgh Sleep Quality Index (PSQI)). In this analysis, subjects were excluded who were using medicine for treating sleep problems of hypertension, were bedridden, had cancer, a history or clinical evidence of stroke, secondary hypertension, or were receiving anti-hypertensive treatment, had terminal stage of physical disease such as respiratory system disease, cardiovascular disease, kidney disease, dementia or cognitive decline. Overall, 21 men and 26 women were not eligible for the study because they had already died or moved away from the area. Of the 262 men and 561 women who were interviewed, 46 men and 117 women were excluded for the reasons above. The study population ultimately consisted of 660 very elderly subjects. Informed consents were obtained from all participants (as well as their legal proxies). The Research Ethics Committee of the Sichuan University approved the study. To assure reliability of this information, during the course of interviewing, at least 1 family member, who usually lived with the participant, took part in the interviewing and checked the completed questionnaire for accuracy.
Data collection and measurements
Measurement of blood pressure
The methods were reported previously [21] . Sitting or recumbent position, right arm blood pressure (BP) was measured twice to the nearest 2 mmHg using a standard mercury sphygmomanometer (phases I and V of Korotkoff) by trained nurses or physicians. The mean value of 2 measurements was used to calculate systolic BP (SBP) and diastolic BP (DBP), and the SBP and DBP were calculated as the mean of right and left arm values in exceptional subjects [22] . The mean of 2 readings was used for classification of BP according to Joint National Committee (JNC)VII criteria into normal (SBP <120mmHg and DBP <80mmHg), pre-hypertension (SBP 120-139 mmHg and/or DBP 80-89 mmHg), stage 1 hypertension (SBP 140-159 mmHg and/or DBP 90-99 mmHg), stage 2 hypertension (SBP >160 mmHg and/or DBP >100 mmHg), systolic hypertension was defined as a SBP >140 mmHg, the isolated systolic hypertension (ISH) was defined as a SBP >140 mmHg and a DBP<90mmHg, diastolic hypertension was defined as a DBP >90 mmHg, and the isolated diastolic hypertension (IDH) was defined as a SBP <140 mmHg and a DBP >90 mmHg. Hypertension was defined as a SBP >140 mmHg and/or a DBP >90 mmHg and/or receiving anti-hypertensive treatment [22] . Subjects with confirmed hypertension and no identified cause of secondary hypertension were diagnosed with essential hypertension.
Measurement of sleep quality
The Pittsburgh Sleep Quality Index (PSQI) was used for the subjective assessment of sleep quality [23] . The PSQI is a questionnaire consisting of 19 items which are coded on a 4-point scale (0-3) to obtain 7 subcategories: sleep duration, sleep disturbances, sleep latency, daytime dysfunction, sleep efficiency, sleep satisfaction, and medication use. The sum of all subscores represents the total sleep quality score, ranging between 0-21, with higher scores representing lower sleep quality. The individuals were categorized as follows: good sleep quality (scores between 0 and 5); fairly good sleep quality (scores between 6 and 10); and poor sleep quality (scores between 11 and 21). Respondents are asked to rate their sleep reflecting on the past month. Psychometric properties have demonstrated good reliability (internal consistency: 0.89; test retest reliability: 0.85) and good construct validity for the English language version [24] . The PSQI is a widely used tool in research studies and clinical trials, and has been translated into several languages including Chinese, Spanish, German, and Hebrew, with comparable reliability and validity values. Internal consistency in the present study was a=0.69. When excluding the medication use subscale due to a low rate of medication users in this sample, internal consistency increased to a=0.76. Outcome measures included the total PSQI score as well as self-report of sleep latency (SL) (question 2: "How long (in minutes) has it usually taken you to fall asleep each night?"), and sleep efficiency percentage (SE), computed as the ratio between the hours of actual sleep (question 4: "How many hours of actual sleep did you get at night?") and total time in bed (hours computed based on reported bedtime in question 1: "What time have you usually gone to bed at night?" and reported wake-time in question 3: "What time have you usually gotten up in the morning?"), multiplied by 100 [24, 25] .
Assessment of covariates
The baseline examination included information on age (years), sex (Male/Female), smoking habits (yes or no), alcohol consumption (yes or no), tea consumption (yes or no), exercise (yes or no), serum lipid/lipoprotein levels (including serum triglyceride (TG), total cholesterol (TC), highdensity lipoprotein (HDL) cholesterol, and low-density lipoprotein (LDL) cholesterol), fasting blood glucose (FBG), serum uric acid (SUA), and body mass index (BMI) [21, 22] . The BMI was calculated as body weight in kilograms divided by height in meters squared. Serum lipid/lipoprotein levels, FBG and SUA were determined by standard laboratory techniques (performed by a technician in the biochemistry laboratory of Sichuan University). The other covariates were collected by using a general questionnaire.
Behaviors of smoking, alcohol consumption, tea consumption, and exercise, which included former and current status, were collected by using a general questionnaire. In the questionnaire, every item had 2 options (yes or no). We defined subjects with such behaviors as doing it almost everyday. Subjects were asked whether they had ever had behaviors of smoking, alcohol consumption, tea consumption, and exercise, and 1 of 3 answers were recorded: never, did in the past, or currently. Among those who did, currently or in the past, information was obtained on the average frequency of smoking, using alcohol, drinking tea, and doing exercise, and on the number of years they had engaged in the behavior. The subjects, who did almost everyday during the past year, were classified as those with these habits current, otherwise as without. The subjects, who had done behaviors almost everyday for more than 2 years as of a year before, were classified as those with these habits previously, otherwise as without. Alcohol consumption included spirits, liqueurs, wine, sherry, martini, beer, lager, hard cider, stout, and so on. Tea consumption included all types of tea.
Statistical analysis
All of the statistical analyses for this study were performed with the SPSS for Windows software package, version11.5 (SPSS Inc, Chicago, Illinois, USA). Baseline characteristics were compared between subjects with and without hypertension, between subjects with and without systolic hypertension, between subjects with and without diastolic hypertension using Pearson chi-square or Fisher's exact test (where an expected cell count was <5) for categorical variables and unpaired Student's T test for continuous variables. Baseline characteristics were also compared among different sleep quality groups using one-way for analysis of variance (ANOVA) for continuous variables and Pearson chi-square or Fisher's exact test (where an expected cell count was <5) for categorical variables. Multiple logistic regression was used to estimate the odds ratio (OR) and 95% confidence interval (CI) of sleep quality as a function of increased risk for hypertension, systolic hypertension or diastolic hypertension. The following items were adjusted: age, sex, serum Lipid/lipoprotein, body mass index, blood glucose level, smoking, alcohol consumption, tea consumption, and exercise. A P value <0.05 was considered to be statistically significant, and all of the P values were 2-sided. (Tables 1 and 2 ).
There were 385 (58.4%), 128 (19.4%) and 147 (22.2%) with good, fairly good, and poor sleep quality, respectively. The subjects with good sleep quality were younger in age (93.32±3.32, 93.95±3.59, 93.63±3.14, among subjects with good, fairly good, poor sleep quality respectively, P=0.016). The mean sleep quality score was 6.84±2.15, the mean SL was 45.89±16.72 min, and the mean SE was 76.53±8.78% (Tables 1 and 2) .
No association between arterial blood pressure and quality of sleep
Among the different sleep quality groups, none of the differences in levels of SBP, DBP, the prevalence of hypertension, systolic hypertension and diastolic hypertension was significant (SBP: 140.21±23. 20 Table 3 ). All of these showed that among very elderly subjects there was no association between sleep quality and arterial blood pressure.
discussion
This study evaluated the association between sleep quality and arterial blood pressure in very elderly subjects. In the present study, sleep quality included quality classification and scores, sleep latency and sleep efficiency. Arterial blood pressure included systolic blood pressure, diastolic blood pressure, hypertension, systolic hypertension and diastolic hypertension. In the cross-sectional observations, there was no association between sleep quality and arterial blood pressure.
Several studies have shown that there was a strongly significant association of sleep quality with arterial blood pressure, or with the risk of hypertension among children [26] , adolescents [23] , and adults (aged 60 years or younger) [11, 27] . However, many previous studies showed that there was no association of sleep quality with arterial blood pressure in the elderly aged 60 years or older [28] [29] [30] . In the previous studies, participants were all less than 90 years of age. In our study, participants were all aged 90-108 years. Our finding provided the evidence from very elderly subjects and extended this association of sleep quality with arterial blood pressure to very elderly people. Combining the results of previous studies and our finding in the present study, we should conclude here that the association between sleep quality and arterial blood pressure changed with age; that in a population aged less than 60 years it was significant,
Characteristics
Arterial Table 2 . Baseline characteristics according to arterial blood pressure (n=660).
Baseline characteristics were compared between different arterial blood pressure groups. * P<0.05 ** P<0.01 vs. Normotension. Using χ 2 or Fisher's exact test (where *** an expected cell count was <5) for categorical variables and unpaired Student's t test for continuous variables. In the testing, a P value <0.05 was considered to be statistically significant. SUA -Serum uric acid; BMI -body mass index; FBG -fasting blood glucose; HDLhigh density lipoprotein; LDL -low density lipoprotein; TC -Total cholesterol; TG -Triglyceride;SBP -systolic blood pressure; DBP -Diastolic blood pressure. OR -odds ratio. Unadjusted: Wald Chi-square test with df=1 was used; Adjusted multiple logistic regression was used to adjust for covariates, adjustment made with the followings: age, blood pressure, body mass index, blood glucose level, smoking habit, alcohol consumption, tea consumption, exercise.
but that in a population aged more than 60 years (including general elderly aged 60 years or older and very elderly aged 90 years or older) it was non-significant.
Progressive arterial stiffness, as a result of structural and functional changes within the vessel wall, is a feature of aging and may precede the onset of hypertension [26] [27] [28] [29] [30] [31] . Isolated systolic hypertension, defined as raised SBP but normal DBP, is the predominant form of hypertension in elderly people (≥65 years); systolic-diastolic hypertension is not as common in this population, as DBP stabilizes or even declines with advancing age [26, [32] [33] [34] . In our study, in very elderly Chinese, there were high prevalences of hypertension (57.2%), systolic hypertension (55.2%), and isolated systolic hypertension (44.2%), and low prevalences of diastolic hypertension (13.0%), systolic-diastolic hypertension (11.0%) and isolated diastolic hypertension (2.0%). The prevalence of hypertension, systolic hypertension and isolated systolic hypertension in the present study was higher than that in the elderly aged 60 years or older from the previous reports, but the prevalence of diastolic hypertension, systolic-diastolic hypertension and isolated diastolic hypertension were lower than that in the elderly aged 60 years or older from the previous reports. This was consistent with previous findings that with advancing age, progressive arterial stiffness results in SBP increase and DBP decline. These indicate that systolic and diastolic blood pressure has different clinical significance in the elderly, especially in very elderly subjects. Considering this, we further independently assessed the association of systolic and diastolic blood pressure with sleep quality when the data were analyzed. All the results showed that there was no association between sleep quality and arterial blood pressure (including SBP and DBP) in very elderly subjects; this strongly confirmed the non-significant association between sleep quality and arterial blood pressure in very elderly subjects.
Among children, adolescents, and general adults, the association of sleep quality with hypertension could be explained by the following. Habitually sleep problems could lead to the development and maintenance of hypertension through elevated sympathetic nervous system activity, waking physical and psychosocial stressors, increased salt retention and changed exposure to raised 24-hour blood pressure and heart rate. Extended exposure to these forces could lead to the entrainment of the cardiovascular system to operate at elevated pressure equilibrium through structural adaptations such as arterial and left ventricle hypertrophic remodeling [30] . Habitual sleep problems could also contribute to hypertension by disrupting circadian rhythmicity and autonomic balance. Dramatic alterations in these parameters in modern industrialized society are theorized to cause the environment sensed by the brain to become metabolically flattened and arrhythmic, disturbing the circadian rhythmicity of blood pressure in susceptible individuals [35] . Hypertension is characterized by a disturbance in the circadian rhythmicity of many physiological variables, such as a shifting of the daily blood pressure profile to higher values, an increased prevalence of the non-dipping pattern, increased blood pressure variability, and disturbances in the diurnal rhythm of cardiac output [36] . Hypertensive subjects have been shown to have reductions of >50% in the 3 main neuronal populations of the SCN in comparisons between normal subjects and hypertensive subjects who died of myocardial infarction or brain hemorrhage [37] .
There was the difference between the elderly and younger adults, children or adolescents, and there was no association of sleep with hypertension in the elderly. The mechanism of the difference is unclear and should be further explored, and might be related with the following. Firstly, there was a high mortality rate among the elderly, specifically among the every elderly, and both sleep problem and hypertension were related with high mortality rate. The high mortality in the elderly more likely removed those both with sleep problem and hypertension, and left the one or the other, and removed the association between sleep problem and hypertension. Secondly, degradation of arterial wall structure with age resulted in elevated arterial blood pressure, a high risk for hypertension, and insensitivity for sympathetic hormone. In the present study, there was a high prevalence of hypertension (57.19%) in the sample, and provide an evidence for a high prevalence of hypertension in the elderly [26, [31] [32] [33] [34] . Activation of the sympathetic nervous system is an important mechanism that links sleep disorders with combined systolic and diastolic hypertension, which is common in middle-aged hypertensive patients. However, no mechanistic link has been identified between sleep disorders and isolated systolic hypertension that results from age-dependent loss of arterial compliance and accounts for nearly 60% of hypertension in elderly populations [30] [31] [32] [33] [34] [35] . Thirdly, advanced age is associated with changes in sleep architecture, with increased difficulties in sleep initiation and maintenance. Elderly subjects, who are often retired, also have more opportunities to take naps during the day [36] [37] [38] .
Our study had some limitations that deserve mention. First, 870 subjects aged 90 years or older volunteered for the PLAD Study, and among these 870 volunteers only 660 were included in the statistical analysis. There might be selection biases. Because subjects with cancer, a history or clinical evidence of stroke, terminal stage of physical disease such as of respiratory system disease, cardiovascular disease, and kidney disease, usually have symptoms which could lead to insomnia and being bedridden. It is difficult to measure sleep quality of bedridden individuals. However, as our sample was from the community, not from hospital or nursing home, the information from them (excluded from the sample) might be unable to influence the practical implications of the present study. Second, because of the cross-sectional nature of this study, the subjects might change their diets and the conditions related to elevated hypertension and habits of sleep. However, the lifestyles, habits of sleep and food habits of the nonagenarians/centenarians were relatively stable and similar. Third, since this was a part of the PLAD, there might be a survival bias. However, this is inherent in any study of individuals of this age group. Finally, we did not adjust for other potential confounding factors, such as socio-economic status and family history of sleep disorders.
conclusions
To our knowledge, this is the first study to demonstrate the association between sleep quality and arterial blood pressure in long-lived subjects, but the association was non-significant. This is different from that in children, adolescents, and general adult (60 years or younger), and is similar with that in the general elderly (60 years or more). In very elderly Chinese, there was high prevalence of hypertension, especially systolic hypertension and isolated systolic hypertension.
